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(57) A compound oxide having oxygen absorbing 
and desorbing capability contains 4.99-98.99% 
by weight of cerium oxide, 1-95% by weight of 
zirconium oxide and 0.01-20% by weight of 
hafnium oxide. The compound oxide has an 
oxygen absorbing and desorbing capability of 
at least 100 jxmol/g at 400-700°C and a specific 
surface area of at least 10 m 2 /g after heating at 
900°C for 5 hours. 
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SPECIFICATION 

BACKGROUND OF THE INVENTION 

The present invention relates to a compound ox- 
ide possessing especially excellent oxygen absorbing 
and desorbing capability and utilizable for a catalyst 
for purifying exhaust gas and for ceramics as well as 
a method for preparing same. 

From the past, a cerium oxide is used in large 
quantities for catalysts for purifying exhaust gas and 
for ceramics, and in the filed of catalysts, for example, 
for enhancing the purification rate of exhaust gas 
components such as hydrocarbons, carbon monox- 
ide and NO x taking advantage of the characteristic 
property of cerium oxide capable of absorbing oxygen 
in an oxidative atmosphere and desorbing oxygen in 
a reducing atmosphere, while in the filed of ceramics, 
for use in elect roconductive ceramics such as solid 
electrolytes taking advantage of the aforesaid charac- 
teristic property of cerium oxide. Such cerium oxide 
heretofore known is usually prepared, for example, by 
adding oxalic acid or ammonium bicarbonate to a sol- 
ution of nitrate or hydrochloride of cerium, filtering 
and washing the resultant precipitate and drying fol- 
lowed by baking it 

However, a conventional oxide composed pre- 
dominantly of cerium oxide prepared according to the 
above method, though it possesses oxygen absorb- 
ing and desorbing capability, fails to absorb or desorb 
oxygen sufficiently at a temperature of 400-700°C 
and brings about a drawback such that it is reduced 
in specific surface area after heating at a higher tem- 
perature and is thus lowered in performance. 

SUMMARY OF THE INVENTION 

It is, therefore, an object of the present invention 
to provide a novel compound oxide possessing espe- 
cially excellent oxygen absorbing and desorbing ca- 
pability and durability at a high temperature as well 
as a method for preparing same. 

It is another object of the present invention to pro- 
vide a method for easily preparing the compound ox- 
ide possessing especially excellent oxygen absorbing 
and desorbing capability and durability at a high tem- 
perature in good reproducible manner. 

The above and other objects of the present inven- 
tion will become apparent more fully from the follow- 
ing description. 

In accordance with the present invention, there is 
provided a compound oxide having oxygen absorbing 
and desorbing capability, which comprises 4.99- 
98.99% by weight of cerium oxide, 1-95% by weight 
of zirconium oxide and 0.01-20% by weight of hafnium 
oxide and has an oxygen absorbing and desorbing ca- 
pability of at least 100 nmol/g at 400-700°C and a 
specific surface area of at least 10 m 2 /g after being 



heated for 5 hours. 

In accordance with the present invention, there is 
also provided a method for preparing the compound 
oxide having oxygen absorbing and desorbing capa- 

5 bility, which comprises the steps of mixing a first sol- 
ution containing cerium ion, zirconium ion and hafni- 
um ion with a second solution selected from the group 
consisting of an aqueous solution of ammonia, an 
aqueous solution of ammonium bicarbonate and an 

10 aqueous solution of oxalic acid to prepare a com- 
pound salt precipitate containing cerium, zirconium 
and hafnium, and baking the precipitate at a temper- 
ature of at least 300°C. 

15 PREFERRED EMBODIMENT OF THE INVENTION 

The present invention will now be explained in 
more detail hereunder. 

The compound oxide of the present invention 

20 having oxygen absorbing and desorbing capability 
(referred to hereinafter simply as "the compound ox- 
ide") contains as indispensable components thereof 
4.99-98.99% by weight of cerium oxide, 1-95% by 
weight of zirconium oxide and 0.01-20% by weight of 

25 hafnium oxide. If the proportion of each component is 
outside the range above mentioned, the compound 
oxide will be unable to display excellent oxygen ab- 
sorbing and desorbing capability. Further, the com- 
pound oxide may contain, in addition to the indispens- 

30 able components, i.e. cerium oxide, zirconium oxide 
and hafnium oxide, an additional metal oxide or ox- 
ides such as titanium oxide, tungsten oxide, nickel ox- 
ide, copper oxide, iron oxide, aluminum oxide, silicon 
oxide, beryllium oxide, magnesium oxide, calcium ox- 

35 ide, strontium oxide, barium oxide, radium oxide, ox- 
ides of rare earth metals other than cerium, or mix- 
tures thereof. The additional metal oxide is contained 
preferably in a proportion up to 10% by weight of the 
total weight of the compound oxide. 

40 The compound oxide of the present invention has 
an oxygen absorbing and desorbing capability of at 
least 100 umol/g, preferably 150-1000 umol at a tem- 
perature range of 400-700°C, and also has a specific 
surface area of at least 10 m 2 /g after being heated at 

45 900°C for 5 hours and preferably 30-100 m 2 /g, more 
preferably 50-100 m 2 /g after being heated at 800°C 
for 5 hours. No special limitation exists in the com- 
pound oxide so far as it has the above oxygen absorb- 
ing and desorbing capability value and the above spe- 

so cif ic surface area after being heated at a specified 
temperature for a specified period of time. The shape 
of the compound oxide is preferably in a spherical or 
cubic form. The compound oxide has preferably a par- 
ticle size of 0.1-0.5 urn. 

55 For the preparation of the compound oxide of the 
present invention, a solution containing cerium ion, 
zirconium ion and hafnium ion is mixed with an aqu- 
eous solution of ammonia, ammonium bicarbonate or 
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oxalic acid to prepare a compound salt precipitate 
containing cerium, zirconium and hafnium. In this 
case, the solution containing cerium ion, zirconium 
ion and hafnium ion can be obtained, for example, by 
mixing together an aqueous solution of cerium nitrate, s 
an aqueous solution of zirconium nitrate and an aqu- 
eous solution of hafnium nitrate. In this case, further- 
more, the above aqueous solutions may optionally be 
mixed with a solution containing titanium ion, tung- 
sten ion, nickel ion, copper ion, iron ion, aluminum ion, 10 
silicon ion, beryllium ion, magnesium ion, calcium ion, 
strontium ion, barium ion, radium ion or rare earth 
metal ion other than cerium ion or mixtures thereof. 
The solution containing cerium ion, zirconium ion and 
hafnium ion has a concentration within a range of pre- 15 
ferably 30-200 g/i, more preferably 50-100 g/l based 
on the individual ions in terms of oxide. The proportion 
of the cerium ion, zirconium ion and hafnium ion as 
well as the other metal ions optionally admixed there- 
with may be 4.99-98.99:1-95:0.01-20:0-10 by weight 20 
ratio in terms of oxides. In case the aqueous solution 
of ammonia is used, the concentration of ammonia is 
within a range of preferably 1-2 N, more preferably 1- 
1 .5 N. In case the aqueous solution of ammonium bi- 
carbonate is used, the concentration of the bicarbon- 25 
ate is within a range of preferably 50-200 g/l, more 
preferably 100-150 g/l. In case the aqueous solution 
of oxalic acid is used, the concentration of the oxalic 
acid is within a range of preferably 50-100 g/l, more 
preferably 50-60 g/l. The mixing ratio of the solution 30 
containing cerium ion, zirconium ion and hafnium ion 
to the aqueous solution of ammonia, ammonium bi- 
carbonate or oxalic acid is preferably 1:1-1:10 by 
weight. The composite salt precipitate obtained in this 
case is, for example, a compound oxide hydrate. 35 

The compound oxide of the present invention can 
then be prepared by baking the resultant compound 
salt precipitate at a temperature of 300°C or higher, 
preferably at 300-400°C. In the method of the present 
invention, the compound salt precipitate may previ- 40 
ously be subjected to an optional hydrothermal treat- 
ment prior to baking the precipitate. This hydrother- 
mal treatment is desirably carried out by using an or- 
dinary autoclave or the like device at a temperature 
within a range of 100-135°C for a period of 0.5 to 1 45 
hour. When the baking temperature is lower than 
300°C, the precipitate is hardly converted into an ox- 
ide. The baking time is preferably 1-10 hours. 

The compound oxide obtained according to the 
method of the present invention can be used as such so 
or may be admixed, for example, with a rare earth 
metal nitrate prior to actual use. 

The compound oxide of the present invention 
contains as indispensable components thereof ceri- 
um oxide, zirconium oxide and hafnium oxide and has 55 
an oxygen absorbing and desorbing capability of at 
least 100 umol/g within a temperature range of 400- 
700°C and a specific surface area of at least 10 rrtfg 



after heating at 900° C for 5 hours. Thus, the com- 
pound oxide is extremely useful in the field of cata- 
lysts and ceramics, substituting for the conventional 
cerium oxide. According to the method of the present 
invention, the compound oxide having an excellent 
oxygen absorbing and desorbing capability and dur- 
ability at a high temperature can easily be produced 
in good reproducible manner. 

EXAMPLES OF THE INVENTION 

The present invention will now be illustrated in 
more detail by way of Examples, but it is to be con- 
strued that the present invention is not limited by 
these Examples, 

Example 1 

149.5 Milliliters of an aqueous solution of cerium 
nitrate prepared by dissolving cerium nitrate of high 
purity (prepared by Santoku Metal Industry Co., Ltd.; 
purity: 99.9%) in water to have a concentration of 300 
g/l in terms of cerium oxide were mixed with 13 ml of 
an aqueous solution of zirconium nitrate prepared by 
dissolving zirconium nitrate (prepared by Daiichi Ki- 
genso Kagaku Kogyo Co., Ltd.; purity: 97%) in water 
to have a concentration of 25% by weight in terms of 
zirconium oxide and 15 ml of an aqueous solution of 
hafnium nitrate prepared by dissolving hafnium ni- 
trate (prepared by Wako Pure Chemical Industries, 
Ltd.; purity: 97%) in water to have a concentration of 
1 0 g/l in terms of hafnium oxide thereby preparing a 
solution containing cerium ion, zirconium ion and haf- 
nium ion having a ratio of Ce:2r:Hf =89.7: 10:0.3 (by 
weight) and a concentration of 50 g/l in terms of the 
compound oxide. With one liter of the resultant solu- 
tion was then admixed with one liter of a separately 
prepared aqueous solution of ammonium bicarbonate 
having a concentration of 150 g/l to obtain 50 g of a 
precipitate of a compound carbonate containing ceri- 
um, zirconium and hafnium. The resultant compound 
carbonate was baked at 300°C for 5 hours to yield 50 
g of a compound oxide containing cerium, zirconium 
and hafnium having a specific surface area of 85 
m 2 /g. The compound oxide thus obtained showed a 
specific surface area of 28 rtf/g after heating at 
900°C for 5 hours. An oxygen absorbing and desorb- 
ing capability of the compound oxide was measured 
by charging 1 g of the compound oxide into a cylindri- 
cal furnace and measuring a value of capability by 
way of gas chromatography while flowing a stream of 
hydrogen and oxygen gases through the cylinder 
whereupon the oxygen absorbing desorbing capabil- 
ity was 153 nmol/g at 400-700°C. The proportion of 
cerium oxide, zirconium oxide and hafnium oxide in 
the compound oxide was 89.7% by weight, 10% by 
weight and 0.3% by weight, respectively. 
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Example 2 

115 Milliliters of the aqueous solution of cerium 
nitrate, 40 ml of the aqueous solution of zirconium ni- 
trate and 50 ml of the aqueous solution of hafnium ni- 
trate each prepared in the foregoing Example 1 were 
mixed together to prepare a solution containing ceri- 
um ion, zirconium ion and hafnium ion having a ratio 
of Ce:ZrHf^69:1:30 (by weight) and a concentration 
of 50 g/l in terms of the compound oxide. The solution 
was treated in the same manner as illustrated in Ex- 
ample 1 to obtain 50 g of a compound oxide having a 
specific surface area of 81 m 2 /g. The compound ox- 
ide thus obtained showed a specific surface area of 
29 m 2 /g after heating at 900°C for 5 hours and an oxy- 
gen absorbing and desorbing capability of 160 nmol/g 
at 400-700°C. The proportion of cerium oxide, zirco- 
nium oxide and hafnium oxide in the compound oxide 
was 69% by weight, 1% by weight and 30% by weight, 
respectively. 

Example 3 

142 Milliliters of the aqueous solution of cerium 
nitrate prepared in the foregoing Example 1, 13 ml of 
a 25% by weight aqueous solution of zirconium nitrate 
prepared by dissolving in water zirconium nitrate con- 
taining hafnium in an amount 3% by weight based on 
the total amount of zirconium and 25 ml of an aqueous 
solution of neodymium nitrate prepared by dissolving 
neodymium nitrate (prepared by Santoku Metel In- 
dustry Co., Ltd.; purity: 99.9%) in water to have a con- 
centration of 100 g/l in terms of neodymium oxide 
were mixed together to prepare a solution containing 
cerium ion, zirconium ion, hafnium ion and neody- 
mium ion having a ratio of Ce:Zr:Hf;Nd=85:9.7:0.3:5 
(by weight) and a concentration of 50 g/l in terms of 
the compound oxide. An operation was then carried 
out in the same manner as illustrated in Example 1 to 
obtain 50 g of a compound oxide having a specific 
surface area of 103 m 2 /g. The resultant compound ox- 
ide showed a specific surface area of 32 m 2 /g after 
heating at 900°C for 5 hours and an oxygen absorbing 
and desorbing capability of 176 jimol/g at 400-700°C. 
The proportion of cerium oxide, zirconium oxide, haf- 
nium oxide and neodymium oxide contained in the 
compound oxide was 85% by weight, 9.7% by weight, 
0,3% by weight and 5% by weight, respectively. 



Claims 

1 . A compound oxide having oxygen absorbing and 
desorbing capability, which comprises 4.99- 
98.99% by weight of cerium oxide, 1-95% by 
weight of zirconium oxide and 0.01-20% by 
weight of hafnium oxide, the compound oxide 
having an oxygen absorbing and desorbing capa- 



bility of at least 100 umol/g at 400-700°C and a 
specific surface area of at least 10 m 2 /g after 
heating at 900°C for 5 hours. 

5 2. A compound oxide according to claim 1 , wherein 
the compound oxide contains an additional oxide 
selected from titanium oxide, tungsten oxide, 
nickel oxide, copper oxide, iron oxide, aluminum 
oxide, silicon oxide, beryllium oxide, magnesium 

10 oxide, calcium oxide, strontium oxide, barium ox- 

ide, radium oxide, oxides of rare earth metals 
other than cerium, and mixtures thereof in an 
amount up to 10% by weight based on a total 
weight of the compound oxide. 

15 

3. A compound oxide according to claim 1 , wherein 
the compound oxide has an oxygen absorbing 
and desorbing capability of 150-1000 |imol/g at 
400-700°C. 

20 

4. A compound oxide according to claim 1 , wherein 
the compound oxide has a specific surface area 
of 30-1 00 rr^/g after heating it at 800°C for 5 hours. 

25 5. A method for preparing the compound oxide ac- 
cording to claim 1, which comprises the steps of 
mixing a first solution containing cerium ion, zir- 
conium ion and hafnium ion with a second solu- 
tion selected from an aqueous solution of ammo- 

30 nia, an aqueous solution of ammonium bicarbon- 
ate and an aqueous solution of oxalic acid to pre- 
pare a compound salt precipitate compound salt 
precipitate containing cerium, zirconium and haf- 
nium, and baking the precipitate at a temperature 

35 of at least 300°C. 

6. A method according to claim 5, wherein the first 
solution contains an additional ion selected from 
titanium ion, tungsten ion, nickel ion, copper ion, 
40 iron ion, aluminum ion, silicon ion, beryllium ion, 

magnesium ion, calcium ion, strontium ion, bari- 
um ion, radium ion, rare earth metal ions other 
than cerium ion and mixtures thereof. 

45 7. A method according to claim 6, wherein the ceri- 
um ion, the zirconium ion, the hafnium ion and the 
additional ion are contained in the first solution in 
an amount of 4.99-98.99:1-95:0.01-20:0-10 in 
terms of oxide weight ratio. 

50 

8. A method according to claim 5, wherein the first 
solution is mixed with the second solution in a 
weight ratio of from 1:1 to 1:10. 

55 9. A method according to claim 5, wherein the com- 
pound salt precipitate is subjected to a hydrother- 
mal treatment conducted at 100-135°C for 0.5-1 
hour prior to the baking. 
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ABSTRACT : 

A compound oxide having oxygen absorbing and desorbing capability 
contains 

4.99-98.99% by weight of cerium oxide, 1-95% by weight of zirconium 
oxide and 

0.01-20% by weight of hafnium oxide. The compound oxide has an 
oxygen 

absorbing and desorbing capability of at least 100 mu mol/g at 400- 
700 DEG C 

and a specific surface area of at least 10 m<2>/g after heating at 
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